Abstract: This article is a synthesis of current research trends in mobile virtual communities. It classifies Mobile Virtual Communities (MVCs) research into appropriate domains, and categorises the different types of virtual communities with respect to three criteria: the degree of virtualisation, the degree of mobility and the degree of cooperation. It also draws some conclusions on future research directions.
Introduction
Over the past few years, the world has been witnessing a constant proliferation of mobile devices and wireless technologies. This proliferation is also complemented by constant advancements in the processing capabilities of these devices and supportive software environments. By the end of 2005, estimates were that manufacturers would "have shipped 300 to 400 million more Java phones", and that in 2005, 300 to 400 different phone models were capable of running Java, and "there are 150 mobile operators that support Java" (Mobile Monday Website, 2005) . Ovum Search estimates that Java powers "over 1 billion mobile phones and other handheld devices" (Java.com website, 2006) . Moreover, wireless bandwidth is also being constantly improved as some companies have started offering third-generation (3G) networks.
With this proliferation of mobile devices and wireless technologies, users are expected to practise their roles in online communities while they are on the move. New virtual meeting places are being created, with no clear sight of an end. Therefore, a new form of online community with mobile users can only be a natural result of the mobile and wireless technology advancement and embracement. Such communities are called Mobile Virtual Communities (MVCs) and they continue to form a very promising research field.
However, following the stock market crash, the way the service providers approached mobile services research and development changed after 2001. They were less willing to invest in nonproven profit-generating models. Despite this huge and rapid adoption of wireless handheld devices, MVCs have not been as successful as 'nonmobile' online communities. For example, only the mobile gaming industry has taken advantage of the huge adoption of Java-enabled mobile devices (Mobile Monday Website, 2005) . There could be several factors that are hindering the wide formation of MVCs. The lack of 'killer' mobile applications could be a major reason. MVCs that exist today are of a 'limited' nature. They are limited to allowing mobile users to receive stock quotes, news headlines, reminders and so forth. The search for the killer application is definitely a worldwide concern, and this explains the application-driven research in the field.
Telecom companies have recently started offering 3G services. Yet the lack of content and of support of killer applications will continue to be a concern, especially if the 3G mobile phone technology fully matures. Universal Mobile Telecommunication System (UMTS) operators continue to look for killer applications that will increase revenues from 3G mobile subscribers (Ahonen and Barret, 2002) . We believe that MVC enablers are candidates for such killer applications.
Mobility has a tremendous effect on the nature of the tools that enable mobile user participation in a community; one such studied aspect includes the Human-Computer Interaction (HCI) needs for mobile devices. Studies suggest that in mobile Computer Supported Cooperative Work (CSCW), mobility enforces constraints on HCI so that new interaction styles should be created (Kristoffersen and Ljungberg, 1999) . These styles are characterised by no or little visual attention and by the use of audio feedback. Mobile users are working in a more context-sensitive environment than nonmobile users. Hence, location has a special importance in mobile systems, and one should consider the impact of the context in the design of interaction techniques (Dix et al., 2000) . Therefore, from a community perspective, the participation of a mobile user in a community has an impact on the awareness tools, the roles that can be conducted in the community, as well as the sociability aspects of such a community. Mobile users behave differently from nonmobile users; mobile users are usually on the move, not necessarily linked to a local or wide area network, such as the internet. However, they can be connected through other kinds of networks, such as the phone network, including the Short Message Service (SMS).
Different aspects of mobility have been researched during the last few years, dealing with the vision of MVCs, the appropriate technologies, the appropriate user interface, the intelligent mobile agents' usefulness, as well as a myriad of applications ranging from leisure to health, and trying to find a solution to security, privacy and trust issues as well as the profitable business models.
In this paper, we provide a categorisation of the state of research on MVCs. We synthesise the research into domains in Section 2. We classify MVC research into seven domains, based on their research motivation. These are technology, work, education, entertainment, lifestyle, health and security. Section 2 also discusses the research topics and interests, whether technology centred, user centred or business centred. Categories of adopted MVCs are also synthesised based on different dimensions: public versus private; Location-Based (LB) versus non-LB; and synchronous versus asynchronous. Section 3 concludes the paper by providing future research perspectives in the MVC field.
Classification of current research
Classifying the recent MVC research into domains of activities is a difficult task because such a classification can be performed from different angles and with different objectives. We choose three different angles that enable us to better understand the MVC research field. These are the domains of research activity (Subsection 2.1), the investigated research topics (Subsection 2.2) and the categories of MVCs (Subsection 2.3).
Domains
MVC research can be classified into seven general domains, presented in Table 1 . (Wu, 2004) and approaches that help service providers collect current requirements from community members and permit community members to use the appropriate service (Kaji et al., 2002) . It is also concerned with platform design (Pedro Sousa and Garlan, 2002) , including the search for a new paradigm in accessing computing resources, network services and personalised computing environments that are accessible from anywhere (Li and Leung, 1997) .
User Interface (UI): UI research studies the effect of interface design and artefacts such as sound on collaboration and learning (Cole and Stanton, 2003) . Rantanen et al.'s (2004) focus was on community requirements analysis and UI design; they provided solutions to shortcomings in previous work in the area of location-based messaging, such as using metaphors and colour. Other work focused on the UI design needed to represent context information, such as maps, user activity, environmental information and device activity (Keranen et al., 2003) . Others investigated the very nature of handheld UI in an attempt to rethink the UI design strategy and minimise the interaction with a server (Kawash, 2003; .
Space: The contexts of space and place were also an early subject of research in mobility. Andersen (2001) outlined futuristic expectations concerning pervasive computing and space. He argued that future computational devices would have a higher degree of autonomy and tried to predict the interaction scenarios between moving devices and stationary ones based on their habitats (a combination of three spaces -the physical, the informational and the conceptual). The design requirement and usefulness from the user perspective were also studied by many researchers. It was suggested that mobile and ubiquitous computing would change the concept of space and influence the structure of activities. This is contrasted with the traditional places where expectations about the structure of activity were rigid but simple (Agre, 2001) . Dix et al. (2000) investigated the emerging design space for a new class of advanced cooperative applications and investigated the importance of location in mobile systems. They also studied the different forms of interaction that may need to be supported. Tamminen et al. (2004) investigated mainly the influence of the context on how people construct personal and group spaces. Others, such as Weilenmann and Leuchovius (2004) , argue that location-based services should not just deliver geographical coordinates, but should support the existing user-positioning practice and describe the location in ways that are relevant to the users.
Agents: Intelligent agents research is another field of research in relation to MVCs. Some research projects engage in the design of applications related to elderly support (Camarinha-Matos et al., 2003) , or of a security model in an agent-based community (Page et al., 2004) ; others explore the usefulness of intelligent agents to match users having mutual concerns and interests (Raybourn et al., 2002) . Though these projects do not touch on the mobility factor of communities to see the particular needs of such environments, it is clear that mobile agents alleviate some technical problems in mobile environments, especially disconnection and low bandwidth, and thus provide enhanced efficiency (Spyrou et al., 2004) .
Wearable devices: More recently, researchers have predicted that wearable devices would augment social networks. Some suggest design methodologies for prototyping wearable community systems (Kortuem and Segall, 2003) , while others are investigating methodologies and software platforms to develop wearable communities (Kortuem, 2002) .
Work
Some research investigated how mobility changed the way people conduct day-to-day business. Questions have been raised on the influence mobility has on the space, time and context of a workplace (Churchill and Muno, 2001) , as well as on its impact on boundaries between work and life. For example, since PDAs are not being used just for work but also for lifestyle management, there are direct implications on the design of mobile devices in order to provide accommodation for lifestyle-related uses such as informal on the fly, note taking, or list making, as suggested by Geisler and Golden (2003) .
Education
Other researchers investigated how educational institutions can use mobility to enhance the educational experience through role playing, storytelling (Cole and Stanton, 2003) and field trips (Farooq et al., 2002) . Mobile community proved to be an added value in some educational setups since it can trigger further educational experience and investigation by making data available while students are on the move. In some cases, the mobile education community component was limited to information and data sharing rather than collaboration and notification. Others built an MVC where user profiles were modelled and personalisation, awareness and matchmaking facilities were included by means of contextual information (Schubert and Koch, 2003) . Both synchronous and asynchronous communications were used.
Entertainment
Entertainment is a very promising domain of MVC research and applications, particularly the gaming industry (IGDA, 2005) . Research was conducted to test mobile gaming as an integrator of technologies and to examine regulatory complexities (Finn, 2005) . Other research tested the efficacy of physiological measures as evaluators of collaborative entertainment technologies (Mandryk and Inkpen, 2004) . Nevertheless, a community for mobile collaborative gaming did not seem to be on the research agenda in these studies. The success of the Apple iPod portable digital audio players is an indication of promising applications of mobile music/sound communities, forming a very recent research domain . The iTV is another field of entertainment where communities may play a role(CHI2006 Workshop on iTV, 2006).
Lifestyle
Location-based services are a prominent sector of MVC research activities and the future expectations of these are also paramount (Tasch and Brakel, 2004) . Lifestyle location-based research projects include location-based services in a city (Brown et al., 2005; Silverstone and Sujon, 2005) , geographic annotation in a context sensitive collaborative student environment (Burrell and Gay, 2002) , and location-based weblogs . Examples of life-style MVCs include communities that organise the members' leisure time (Hampe et al., 2004; Schubert and Hampe, 2005) or permit them to keep in touch (Burak and Sharon, 2004) , and communities for tourism journeys (Stein et al., 2005; Pospischil and Bonek, 2000) . All of these disparate applications make use of locative media or contextual information (Nova, 2004) . SMS usage for rendezvousing has been investigated (Axup et al., 2005) and conclusions have been drawn on the usability issues raised when a service originally designed for individuals (SMS) is used by a community.
Health
Health research is a very recent and rare field of application and is meant to play a pivotal role in e-monitoring and e-healthcare in general. COSMOS is the project of reference in the field (Leimeister et al., 2004a-b; Ebner et al., 2004; Krcmar et al., 2002; Arnold et al., 2004; 2003) . COSMOS creates virtual communities of cancer patients, and is working towards mobility support (Leimeister et al., 2002a-b; 2003) . Other healthcare research developed projects to support mobile elderly people but did not include a community factor (Abascal and Civit, 2001) . Others involved online health communities and looked into the dynamics of online group interaction, but did not consider mobility factors (Maloney-Krichmar and Preece, 2005).
Security
Security is the last research domain, according to our classification. Security research focuses on trust (Abdul-Rahman and Hailes, 2000), security (Page et al., 2004) , or privacy, which is mainly related to location and context disclosure in general (Consolvo et al., 2005) , and it is not limited to MVCs.
Research topics and interests
The research topics or questions investigated can themselves be categorised into three general interests. We can distinguish between technology-centred, user-centred, and business-centred interests. These categories are not mutually exclusive, as indicated in Figure 1 . For example trust, security, privacy, and personalisation are shared motivations by business interest as well as by user and technology interests. While the user interface is an interest shared by the technology concern as well as by the ergonomic user-centered concern. Business models are definitely a business interest but a technology interest as well. Finally, marketing is a concern shared by the business interest and the user-centred interest. 
Technology-centred interest
The technology-centred interest involves research in the areas of platform design, development frameworks, bandwidth limits and intelligent agents.
Platform design: This involves researching the design of a platform that supports mobility and/or the use of mobile agents in a mobile environment. Platform design replies to the need to investigate the hardware and software requirements during mobility (Wu, 2004; Li and Leung, 1997; Kaji et al., 2002) . 
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Development framework: The research approach in this area is rare and is an attempt to examine the theoretical basis of mobility and to provide a framework of orientation that guides the design of interactive mobile systems in terms of awareness tools. It also suggests some mechanisms to develop mobile applications (Dix et al., 2000; Pedro Sousa and Garlan, 2002; Cheung, 2005; Raento et al., 2005) .
Bandwidth limits: This area of research is interested in overcoming the bandwidth limits of mobile networks and in conceiving new protocols to access computing resources and appropriate network services (Li and Leung, 1997; Kaji et al., 2002; Spyrou et al., 2004; Wu, 2004; Peng et al., 2004) .
Intelligent agents: Research in this field suggests that the known benefit of mobile agents, which consists of bringing the computation to data rather than data to computation, has a tremendous impact on mobile network technology since it helps to overcome shortages in a mobile network such as low bandwidth and short network disconnections. Besides, this field of research addresses the security models needed for an agent-based community (Raybourn et al., 2002; Camarinha-Matos et al., 2003; Page et al., 2004; Spyrou et al., 2004; Malik et al., 2005; O'Sullivan and Studdert, 2005; Chhetri et al., 2006) .
User-centred interest
MVC research driven by the user-centred interest comprises UI, behaviour, personalisation, privacy, security and trust.
UI: The UI research area, a very common subject in virtual communities, has special attention in a mobile setup because of the display limitations of mobile devices. Research in this area ranges from concentrating on the user requirements for a friendly interface (with the corresponding artefacts) to suggesting new interface-rendering models and a development process (Cole and Stanton, 2003; Rantanen et al., 2004; Keranen et al., 2003; Kawash, 2003; Glissmann et al., 2005) .
Behaviour: The study of user behaviour is the matter of concern in this research area. The usage pattern of the mobile device is tracked and analysed in order to deduce the kind of services mostly needed (Schubert and Koch, 2003; Demumieux and Loquin, 2005; Forest and Arhippainen, 2005; Häkkilä and Isomursu, 2005) .
Personalisation: How to make the mobile services fit the user expectations, his/her profile, and usage pattern is the question directing the research in this area (Schubert and Koch, 2003; Colbert, 2005; Messner and Herrmann, 2005) .
Privacy: This is currently a major concern in many areas. Mobile users want to be able to use the services of a mobile device in a context such as MVCs and to preserve their private data at the same time. Researchers are suggesting solutions that address this concern (Burak and Sharon, 2004; Consolvo et al., 2005; Häkkilä and Chatfield, 2005) .
Data security: Who says privacy says security. Data in MVCs do not only involve user data but also the user's location. How to preserve security while providing a mobile service is the quest of this research area. We have noticed that this concern was mainly related to mobile-agents-based communities (Camarinha-Matos et al., 2003; Page et al., 2004; Halpert, 2005) .
Trust: Trust is a key factor in the success or failure of any community or even a simple transaction. Furthermore, in a virtual and personal environment such as MVCs, trust is a decisive factor for members that have little or no information about other members. Research in this area is striving to enable trust through new models (Abdul-Rahman and Hailes, 2000; Xiong and Liu, 2003; Ali Shaikh and Omer, 2005) .
Business-centred interest
The business-centred interest is concerned with marketing (Kurkovsky et al., 2005) and finding the right business model that will prove to be lucrative for the communication companies. Models related to the leisure industries, such as Mobile Community Online Reservation (MCOR) (Hampe et al., 2004) and other user support communities (Schubert and Hampe, 2005) , were found to be promising fields of investment and promising business models.
Categories of MVCs
Collaborative communities in general were the subject of different categorisations (Honglei, 2004) . Mobility added a new dimension on the classification scheme. In the following we will classify the types of virtual communities in general (Figure 2) , and then we will give a classification of the MVCs based on the services they provide (Figure 3) . We suggest that communities, in general, can be classified based on three factors:
1 Degree of virtualisation (physical/virtual): Communities can be physical, meaning members are meeting in a physical place to practise their roles; or they can be virtual, meaning the meeting place is virtual.
2 Degree of mobility (still/mobile): The members can be immobile, in one place, or can be mobile and on the move.
3 Degree of cooperation (notification/collaboration): Notification is a form of cooperation that is limited to members sending messages to each other, a clear example of which is the Kawash et al. (2005) model, while the term 'collaboration' specifies the members cooperating in building a common project (Turban et al., 2002) . Figure 2 portrays this categorisation.
We can classify MVCs into categories based on three criteria: 2 Degree of contextual information present (contextual/noncontextual): Contextual information refers to data that reflect the context in which the member is immersed. Such information can be reflected by one or more of these three -location, speed, or direction. For example, newsgroups and mail-groups are not context-aware communities, while tourism-based communities are.
Asynchronous
Synchronous Private Public Contextual Noncontextual 3 Degree of interaction they permit (synchronous/asynchronous): In a synchronous interaction, the members are required to be simultaneously present when interacting.
In an asynchronous interaction, the communication of members occurs in a deferred way. A well-known example of a synchronous community is a chatting community, which at the same time can be public or private (private chat rooms). Billboard communities are examples of asynchronous communities. Figure 3 shows a model of this categorisation.
Perspectives
The research papers cited in previous sections of this work allow us to draw and suggest some perspectives regarding the research in the field of MVCs.
User interface
With the exception of a few cases (Hampe et al., 2004; Rantanen et al., 2004; Kawash, 2003) , most research papers that investigated MVCs did not engage in exploring the UI problems incurred in mobility. UI requirements in MVCs is still a research domain that needs to be further explored. One important factor that remains to be considered is user expectations in terms of usability and personalisation. Another research question is UI portability. Apart from the use of XUI (Xoetrope , UI portability will continue to be a challenge, given the exploding mobile device market, the emerging interactive TV and other ubiquitous technologies.
Mobile agent support
Even though mobile agent technologies can be used for mobile communities, we pointed out earlier in this paper that the work concerning mobile agents mainly dealt with the platform architecture and security issues. Furthermore, some researchers dealt with agents to provide services for mobile but independent (not necessarily linked to a community) users (Moreno and Isern, 2002) . More recent papers suggest using mobile agents in support of nonmobile communities of practice (Silva Santos et al., 2005) . They fall short of tackling the mobility component, from a mobile-agent-based community perspective or from a mobile-agent platform design perspective. Developments in these directions are yet to be made.
User requirements
The behaviour of mobile users is likely to be different from that of nonmobile users, and the communication means available to these separate categories of users are not necessarily the same. The research focus on technology was usually disconnected from the users' requirements elicitation. Yet mobility is not a need that is well defined; it is not a de facto need as shown in some papers' findings (Burak and Sharon, 2004; Tasch and Brakel, 2004) .
Research in mobility seems to repeat the mistakes of the early information systems development, especially in the medical field, which ignored the users' expectations during the analysis and design phases. Research projects taking into account users' expectations seem to be a more appropriate approach to enable mobility. Regardless of the orientation of an MVC (business, social or otherwise) the user-centred design is still a necessity in terms of user-requirements elicitation, as has been shown in research projects analysing the tools needed for mobile system analysts in a requirements engineering environment (Seyff et al., 2004) , or examining the interface requirements for mobile TV (Knoche and McCarthy, 2005) . Moreover, we believe that usage pattern detection will foster user-centred design as shown in recent papers analysing usage patterns on mobile phones (Demumieux and Loquin, 2005) or cultural aspects related to mobile services usage (Forest and Arhippainen, 2005) .
Industry collaboration
Experience with industry collaboration shows the most interesting results. These include interesting insights into user behaviour (services used, personalisation, collaboration tools, etc.), user expectations and some prediction on the financial viability of the business models. Research that aims to create profitable e-business models for MVCs is another promising research area especially in Management Information Systems (MIS).
In any profitable business model, building users' trust (privacy and confidentiality) remains a major issue and more research activities that address this issue are needed. Other pending issues include:
• the size of the critical mass (the number of consumers) needed to make the business profitable • how willing users are to pay for services
• how and if privacy and related issues can be controlled
• whether there will be appropriate laws and regulations to control illegal actions.
These questions still need more research as the development of mobile technologies continues. However, they should not impede the formulation of MVCs.
Developing 'social profitability'
Social profitability is an unexplored research track. Building models to 'prove' or estimate the social profitability of MVCs continues to be a challenge. One can think of building social indicators that provide a measurement of the social impact of MVCs.
Ubiquitous computing
The ubiquitous computing paradigm is starting to gain visibility in community building (Churchill et al., 2004; Vogiazou et al., 2005) and is a promising perspective in MVC research.
Future applications
In the future, we expect mobile commerce (m-commerce) to play a pivotal role driven by commercial applications. Buying and selling transactions will be eventually carried out over mobile devices if technical limitations related to the display and user interface will be overcome. The following are some suggestions about mobile services that can support the creation of virtual communities:
Mobile Market Research Communities will allow product testing on the spot and allow the members to share their experiences, likes and dislikes. This information can be shared to other members of the community, thus giving instantaneous ratings of the products based on the consumer experience. Such business orientation is already online (Turban et al., 2005) , though mobility will elevate it to a higher degree of availability owing to mobile notification.
A variety of locative media or context-based applications can be developed to allow context-aware community members to share information of common interest, which can range from shopping experiences to scientific conferences and workshops running around a member's location. A shopper can be notified of the location of businesses, offers and other members in a shopping mall, and can meet them or ask for advice. A mobile-shopping virtual community can also be conceived in this domain, where online shopping and e-commerce are further enhanced. One can also be interested in specific domain activities (such as cultural, social and scientific) that are running in one's region. A member will therefore have access to notification from other members about the occurrence of a particular event or point of interest to the community. One example could be in a university campus where students can be aware of others interested in a specific subject, such as a discussion, homework, or need/availability of mentors.
Conclusion
In conclusion, the exponential growth of technology has placed significant computing power in mobile and small devices. Furthermore, wireless communication technology has resulted in a new form of community, namely MVCs. These MVCs have the potential to bring together more groups of people with common interests, since they allow members to practise their roles while they are on the move. Although little research has been conducted in understanding how network providers can turn these services into profits and what the users' requirements and the acceptance trends are, this new integration of mobility with the virtual community paradigm is very promising and is inevitable. This trend constitutes a rich research mine for future discovery and development.
Finally, we note that flexibility and social indifference may be the two, perhaps contradictory, faces of 'virtuality'. The flexibility induced by a virtual meeting place with unlimited proximity and the ability to practise community roles on the move and while performing other daily functions can offer MVCs an enormous wealth of social formations. However, virtuality is not likely to support strong community cohesion. In general, virtual community memberships can be short lived and virtual communities suffer from weak member commitments. A common interest does not necessarily lead to member loyalty and long-lasting cooperation. Ubiquity of MVCs is a reconciliation factor between these two faces of 'virtuality' and is the drive to keep MVCs going. While a common interest can keep a member attached to the community only for a rather short period of time, community 'hopping', where members frequently join and leave different communities, can be a sustaining power for MVCs. This is especially true given the mass of potential members.
In general, we expect many virtual communities to be subject to frequent constituency changes and high member turnout. This is even magnified in MVCs, where membership in a community can be due to a location-and time-sensitive need, which can be short lived. However, as members change their locations and as time changes, differing interests and needs spring out, necessitating cooperation with other community members. Hence, new memberships replace the obsolete ones quickly. In fact, while weak and short-term commitment makes virtual communities 'fluffy', it is also what makes them flexible and capable of timeless adaptation to constituency changes. After all, we should not expect the same type and degree of bonding from virtual meeting places as those from more traditional and more physical places.
